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& "OHAPTER IV. ANALYSIS OF SOME OF THE CONTEMPORARY TYPES OF COMPOUND
ATASTICMATS. The suthor notes that many of the modern compound ensstigmats
are nearly symmetrical. To this group belong the 'universsl® -types of
Orthometar and Express, wide-angle lenses of the Russar type, and fash
snastigmats of the Planar and Kino=-Plasmat types. These systems appearedl
in different countries and at different times, and they resulted from
extended explorations and sccumulations of experlence.

2. "Now, as vividly expressed by him, the author gives a *theoretical preof
of the existence! of these types. In other words, he formulates the
problem of designing symmetricsl or nearly symmetrical anastigmats baving
certain nominal charscteristics of speed and angular coverage. Then he
explores the field of possible third-crder solutions and shows that the
most favorsble solubions represent the forms which closely approach those
used in the construction of the actually existing lenses mentioned above.

3. "It should be noted that, although the procedures used in this chepter
sppear toc be very ingenious, they do not necessarily establish an ex-
pedient method for purely theoretical derivations of satbisfactory forms.
Indeed, in the course of his apalysis and synthesis, the auther finde it
necessary to use some empirical criteria which help to confine his efforts
to the most promising regions. Since these criteria sre based on & pre-
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vious analyeis of existing successful systems, one may say that the author
actually does not reveal a new powerful tool which could be used for rapid
derivation of new basic forms. Even if this conclusion is true, it does not
indicate that the author was defeated in his undertaking. As I noted in the
section headed !'General Review', the author never intended to demonstrate
methods which would automatize lens design. His thesis is that third-order
anslysis and synthesis are extremely useful tools in the hands of an optical
designer who possesses sufficient experience, imsgination; and intuition.
The material presented in Chapter IV, as well as in the subsequent chapters,
illustrates this thesis to the entire satisfaction of the writer of this
review.

4, "CHAPTER V. METHOD OF DISTRIBUTION OF THIRD-ORDER ABERRATIONS IN NON-SYMMETRICAL

SYSTEMS CONTAINING COMPONENTS OF PINILE THICKNBGS. 1This chapter covers thirde

order synthesis of the systems typifisd by the Somnar, Blotar, and Uran
(Volosov) lenses. The author notes that all these systems were developed prior
to the appearance of the newest-.(silica-free) glasses, and the question arises
vhether or not these glasses could serve as effective parameters for improving
the systems under consideration. In the presence of & multitude of other para-
meters, this question cannct be answered without extended systematic inves-
tigations. Such investigations are substantially simplified if the components
(the 'halves') of the systems are studied separately, using the method of
'distributiont of third-order aberrstions..

"The relstionships explored in this chapter are used for deriving s formuls of
the Hypergon type, which differs from the original Hypergon by the asymmetrical
placement of the diaphragm and by the use of thallium bromo-iodide crystel
instesad of glass. The formulae is f/7 (which is much faster than the original
Hypergon), and it covers a total field of nearly 120 degrees. The formuls is
completely specified end its aberrations are listed, indlcating & correctlon
vhich should be coneldered ss being satisfactory for this type of comstruetion.

6. "In connection with the derivation of this wide-angle formula, & summery is

T.

glven of the Rusinov method for ilmproving vignetiing cheracteristics of wide-
angle lemnses. It 1s shown that, as & result of his studies of vignetting,
Rusinov succeeded in securing with the Russer-25 & much better illuminstion
distribution than was previously obtainsble with wide-angle lenses. With the
Russar, relative illuminence is nearly directly proportional to cos3hA; while
with lenses of the Hypergon and Topog&n types the relative’ illuminance at the
marginel sngles drops faster than cos“A. I might note here that an improved
illuminetion dlstribution was also obtained for the Aviogon lens, recently
introduced by the Wild Company (Sw:itzerland).ﬁm'l‘ham are indications thet the
deductions of the Rusinov theory were directly’or indirectly ntilized in se~
curing the favorable vignetting characteristics of the Aviogon.

"This chapter includes slso the relationships which express the first-order
chromatic eberrations of & whole system in terms of the chromatic contribu-
tions of 1ts ‘halves®.

8. "CHAPTER VI, EXPRESSION OF ABERRATIONS OF A COMPOUND PHOTOGRAPHIC SYSTEM

THROUGH THE ABLRRATIONE OF ITS COMPONENTS. The 8ubhor divides the process

of designing a photographic system into three stdlfes: -

1) Third-order explorations;

2) Preliminary checking and evaluation of the mos‘é )
promising variants;

3) Final correction of the variant which appears to be
able to yield an optimum solution.

“There is nothing originel in this division as it follows naturally from the
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substance of the problem. The originality of the suthor is in his idea that,
at the second stage of a design, the work may be considerably expedited by
determinations of aberrations of the 'halves® and then the use of relatively
simple combination formulas for computing the aberrations of the whole system.
Of course, the results are not exact, but the approximation is sufficiently
good for purpose of the explorations at the second stage.

10. “Several exsmples are given which illustrate a satisfactory agreement between
the approximate formulas and the exect trigonometric ray~tracing.

11. ®CHAPTER VII. DIFFERENTIAL METHOD FOR DETERMINATION OF CHANGES OF COORDINATES
OF RAYS IN THE IMAGE SPACE WHEN CHANGES OCCUR IN THE PARAMETERS OF AN OPTICAL
SISTEM. Approximate differential formulas ere given for direct transformation
of the changes in the front half of a gystem to changes of aberrations of the whole
gystem. The method does not seem to be substentislly different from other dif-
ferential methods of transfer of perameter changes. Volosov claims that his
method offers & substeantial emount of time-saving in computations of change
tables. Whether or not this claim is justified cammot be determined without a
comparative study of methods.

l12. "CHAPTER VIII. SOME NOTES ON SETTING-UP AND COMPUTING OF COMPOUND PHOTOGRAPHIC
SYSTEMS, PARTICULARLY OF \THOSE OF HIGH SPEED. The author states that special
attention should be gilven to the problems involved in the design of high-speed
photographic lenses, a demsnd for which exists in many fields of modern tech-
nology. An Incomplete listing of these fields is: night photograply, motion-
picture color photography, X-ray photograpby, some applications in spectro-
graphy, ‘seeing' with ultra-violet and infra-red rays, and television.

13. "High-apeed lenses are defined as those which are faster than f/_} Theix
prototypes are: the Petzval lens, the Taylor Triplet, and the Rudolpb Plansr.
Some representative lenses of these types are analyzed and thelr performence
is commented upon.

14, "Volosov states that very interesting results were obtained in the course of
recent Russian investigations of these systems with & view to the possibility
of their further improvement. The results of these Inveatigations are not
glven, but they served as e basis for the following evaluation of foreign

lenses: 'The German systews ere on a relatively low level of quality from

the point of view of correction of aberrations. The opticel cheracteristics

15. "This chepter contains alsoc & genersl outline of the procedure to be followad
in the design of & compound cbjective, and some emplrical rules ere given with
regerd to the selection of glasses, the maximum relative powers of the come
ponents; the length of the system, and the desirsble values of the Seidel
coefficients. The necessity of & satisfactory third-order correction is agein
emphaglzed,

16_. "Standerd presentation of computed sberrations is illustrated. The presentation
is essentlelly the same as in this country and elsewhere, but more emphesis is
given to determinatich of the plane of best imagery and to summarizivg the sber-
retions in this particular plane. A summary of aberrations ususlly consists of
tabulations and graphs showing the imsge spreads in the meridional and the
saglttal sections, But occasionelly numerous skew rays are computed in order
to determine the complete geometrical imsge shape, and also to comstruct &

‘spot diagram! of the image (this is the form of representation which has
been recently introduced by the Netional Bureau of Standards in this country).

“PART II. METHODS OF DESIGNING PHOTOGRAPHIC SYSTEMS WITH VARIABLE OPTICAL
CHARACTERISTICS (‘ZOOM' LENSES).

17. "Introduction. Fhotographic systems of varisble optical characteristics (known
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- in +this country as ‘zoom® lenses) may prove useful in many applications.

According to Volosov, the work on such systems started in the thirties of
this century, but a 'serious analysis of the problem of their design 1s not
availeble in the foreign literature', and the progress in Russia was Inter-
rupted by the war.

"Phe author glves an interesting historicel summary of the problem, and traces
the formulation of some principles of veriable systems to Kepler's 'Dioptrics?
(1611}, The first practical attempts to develop a variable telescoplic system
were made by H. Landolt in 1876, and the efforts were continued by other authors.
During the First Wonld War, the German fleet successfully used veriable ('pan-
cratic') telescopic.mystems for fire control in the Battle of Jutland.

"The idee of developing variable photographic lenses originated In the middle
of the last century, but no practical results were achleved until the nineties,
when telephoto lenses of varisble magnification were introduced. ALl these
lenses were reasonably well corrected for only one medlel megnification set-
ting; but even at thet setting the distortion and cblique color were very
substential., +Furthermore, these lenses were relatively slow and covered

snmall anguler fields.

R
"As was steted before ; the work on modern ‘zoom' systems of high speeds and
covering substantial angles was steried only in the thirties. As evalusted
by Volosov at the time of his writing the book (1948), none of these lenses
was very satisfactory, either becsuse of the complexity of construction or .
becsuse of inferior correction of aberrations. He implies that the Russien
variable-focus lens, 'Idar?, developed by him before the war (no semple was
made due to interference of the war), sppears to represent a better solution,
considering the unusuel simplicity of consiruction and & satisfactory cor=
rection of the sberrations. This lens is one of the many variants obftalned
in the course of extensive explorations, the results of which are summarized
in the following chapters.

" -t
OFL
den

BTER _IX ONCERNING H TABLE
WCAL CHARACTERISTICH, T ' ’ orn by s is one of
igning & veriable focal-length lens of a relatively simple cptical and
mechanical construction. Tor the purpose of preiiminary design, the system
is aasumed to consist of only three thin components.

"The paraxial optics of such a system are thoroughly explored in this chupter,
and sixty-three parexisl solutions are listed in a table. These solutions are
further snalyzed with the aim of securing & sstisfactory third-order correction
for two eguivalent focal lengths which are nesr the maximum and minimum values
of the specified renge. This analysis results in sixbty-six third.order solu=-
tions, which are not strictly distortion-free for any focal length within the
range. Finelly, twelve solutions are cbtained with which the system is dia-
tortion=-free at the setting for & medial value of focel length.

"his chapter contains a great amount of basic material which cen be profitaebly
gtudled and exploited by any lens designer interested in the problem of 'zoom!
lensges. :

"The author poimts out that one of the types derived in this chapter represents
the same basic scheme which was used in the design of the German 'Verilo-Glauker';
another type was utilized in the comstruction of the English 'Cooke Varo-Lens'.
A third type served as a basis for the Russian ‘zoom' lens, 'Ider?, which is
discussed in the followlng chapter.

"CHAPTER X. AN JLLUSTRATION OF THE METHOD BY THE EXAMPLE OF DESIGNING OF THE

OBJECTIVE 'IDAR'., A most promising basic construction was selected from the
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;. WPART III. ABOUT THE USE QF NEW TYPES OF OPTICAL GLASSES, ASPHERICAL AND

30.

31.

32,

33.

34,

35.

36.

37

REFLECTING SURFACES, 1N DESIGNING OF OPTICAL, IN PARTICULAR
PHOTOGRAPHIC SYSTEMS.

“CHAPTER XII. OPTICAL CONSTANTS OF GLASSES AS PARAMETERS IN DESIGNING OF
PHOTOGRAPHIC SISIEMS. The author emphasizes the fact that only in the
simplest optlcal systems (doublets and triplets) are optical constants of
glagses (their indices and dispersions) design merameters whose significance
can be uniquely established. In more complex systems, optical constants of
glasses may be either effective or oply ‘appsrent® parameters. It is aife
Picult to determine analytically what the actual situation is in each
particular case of lens design.

"However, occasionally an anslysls proves to be fruitful. Thus, the author
succeeded in estsblishing the effectiveness of glasses as parameters in the
designing of orthoscopic telephoto objectives. This watter is covered in
the following chaspter.

"The effectiveness of glass conekants in the designing of simple systems is
11lustrated by two exsmples. One shows that the Petzval sum can be con-
giderably improved by using one of the new (rare-earth) glesses in the crown
element of & doublet. The other shows that these new glasses permit 2 con-
gidersble improvement of the Hypergon design, and sn increase of its speed,
from the originsl £/30 to £/10. A ssmple formula of the improved design is
given. The formuls has two elements using 1.7279-54.6 glass. As 1s true
with the originel Hypergon, the new form 1s not corrected chromaticelly,

but 1t can be achrometized by splitting each of the elements into two in order
to introduce 1.7280-28.3 flint; this eplitfing will leave the monochromatic
correction unchanged because of the practical identity of the indices.

"The Eagtman Kodek T £/2.5 Aero-Ektar (seven elements) is used as s highly
representative illustration of a case in which & lens designer was nisled
into thinking that rere-eerth glasses were needed to effect a certain state
of correction of the formule. Volosov dedicates ten pages to an anslysis
of this Aero-Ektar, snd he shows that & practically identical sorrention
of ell the eberrations could be obtained with ordinsry glesses. He con-
cludes, with some sarcasim, that the rare-carth glasses were only epparent
design paremeters in this formmlse and that their use was superfluous.

But he does not want to imply that not much can be expected from new
glasses in general, and he emphasizes the necessity of further systematic
studies with the aim of establishing the areas of usefulness for these
glasses.

YCHAPTER XTIT. BASIC PARAMETERS OF ORTHOSCOPIC TELE-~OBJECTIVES WITH

P B e et ey ogp-go e

o G _LIosh=Dw St NS et
CORRECTED PRTZVAL CURVATURE, AS FUNCTIONS OF CONSTANTS OF OPTICAL GLASSES.
The reason foT placing this chepter in this particular part (Part TI1)

of the book is that 1%t was shown by investigation thet construction paré-
meters of these types of lenses are explicit functions of glees indices.

"Noting that literature on the methods of designing tele-cbjectives is
scant, the author derives f£irgt- and third-order relaticnships which are
cheracteristic of telephoto comstruction. They show thet the hasic
congtruction parsmeters ere dependent on indices.

"Oonsidering the importance of glass constants in the process of ‘telephoto
design, the author does not omit in this caese an exploration of the achroms-
tization problem, The formules here derived show that the secondary color
cannot be reduced with eny combination of the avellable glasses unless the
speed requirements are lowered to about £/15.

"Special attention is glven to the problem of relatively Tast constructions

CONFIDENTIAL/US OFFICIALS ONLY

Approved For Release 2001/11/21 : CIA-RDP80-00926A007600370004-6



26.

Approved For Release 2001/11/21 : CIA-RDP80-00926A007600370ﬂ
CONFIDENTIAL/US OFFICIALS ONLY

-5 =

list in the preceding chapter, and from this a third-order synthesis of &
formuls was made for e range of focal lengths from 50 mm to 175 mm. In the
final correction of the formula, a number of satisfactory variants were
gtudied. The author gives complete optical specifications for one of the
variants (not necessarily the finally selected formula), and shows a very
satisfactory correction of the trigonometrically computed aberratlons for
the entire range of the focal lengths.

"Phe formulae of this varlsnt consists of three components, each of which is
& cemented doublet. One component is a negative double-concave doublet. It
1s located in the front of the system, which fact makes the whole scheme
rether unusual. The formula covers & range of focal lengths from 59.9 mm
(a totel angle of coversge of about thirty degrees) to 179.8 mm (a total

-angle of coverage of nearly ten degrees). The speed is f/3.5 up to about

140 mm focal length; for the longer focal lengths it is f/5.6. The mech~
anical linkage of the components (Volosov uses the term ‘kinemstics of the
system') is simple. :

27. "Generslly speeking, the ma.!erial summarized in this chapter indicates that the

_Volosov teem hes succeeded in deriving a very satisfactory solution of the

'zoom! lens problem. Whether or not this solution should result in better
1zoom! lenses then those now manufactured in this country and Europe cannot
be foretold without e more thorough study of all the date and an actual
testing of representative samples.

28, “CHAPTER XI. ABOUT DESIGNING OF TELE-OBJECTIVES WITH VARIABLE FOCAL LENGTH.

29.

Among the besiec solutions listed in the preceding chapter, there are &L80 tWo
groups which contain lenses with telephoto characteristics. These groups are
further studied in this chepter. Sixty-nine paraxisl solutions ere obtained,
eleven of which are uged for & synthesis of formulas with e setisfactory cor=-
rection of third-order eberrations, '

"No formule is given in a final form., The main purpese of the study was
spparently to determine the besic relationshipe and limitatlions inherent in
the tesk of designing a telephoto with variable focal length., The resulting
conclusions are listed es followe: ‘

1) The systems explored in this chapter do not permit & varistion of
focal lengthe by greater then a factor of 1.5.

2) Their telephoto retios are confined within & range of from 1,10
to 1.25.

3) There are no difficulties in obtaining & satisfactory Petzval
sum, but dlstortion correction presents & serious problem.

4) For the veriation and telephoto renges indicated under items
(1) and (2), the SBeidel distortion is rather high. It may be
acceptable for reconnaissance photography, but not for precision
photogrammetyic purposes.

5) The speeds will have to be relatively low (£/9 to £/7). Even
for these speeds, 1t would be necessary to use multi-element
components in designing the formules.

6) Distortion characteristics of these systems can be improved only
by reducing the focal-lenghh variation factor to about 1.15.

Even then, the condition of orthoscopy can be strictly satisfied
for Just cne focal length within the range.
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(£/5 to £/7) and high telephoto ratios. The author concludes that telephoto
ratios higher than l.% are not attainable in the range of these speeds if &
corrected Petzval 1s also specified.

"This chapter contains an incidental 1listing of standerd Russian glasses.
The listing is complete, and it reveals the very interesting fact that
slready in 1948 the Russian catelog conteined as meny as forty-seven glesses,
while the current Barach ard Lomb catelog contains only thirty-seven glasses,
elthough the letest Hayward catalog liests fifty-three.

"The theoreticel deductions of this chapter are used to determine the basiec
peremeters of two two-compcnent telephotos. The subhor shows that one of
these telephotos 1s of nearly the same construction as the Germen Telikon,
end the other does not differ much from the British Telephoto-Anuetigmat of
Taylor-Hobson., The Tele-Cooke-Anastigmet (f/J 5, covering a totel angle of
thirty degrees) is also mentioned (bu® not unalyzed) as & system which falls
within the range of the solutions derived in thie chapter.

THOD. The author notes that an
expedlent method o uetion of asphericel surfaces should necesserlly
give answere to the following three questions, alresdy relsed in the prew
liminery stege of & demign:

1) Aspherization of what surface in & given system would pariticularly
favorably affect the ilmagu~foxrming penclls of rays?

2) How csn the form of an aspherical surface be determined without
time-consuming cowputations of the coordinates of the rays re-
fracted at this surface?

3) How cen one evaluete, at least approximately, the effect of an
aspherized surface on all the aberrationa?

"The method described in this chapter glves satisfactory snswers to the three
guestions listed above., It 1s hased on differentiation of the coordinates of
the raye (in the space after the aspheridzed surface) with respect to the cow
efficients of the series expansion representing the aspherized surface., The
differential changes thus determined are then transferred In the final image
space.,

"Depending on the gpecific requirements of a design problem, four transfer
procedures are formuleted as listed below:

1} Transfer for a case of an aspherical surface being the last one in
the system.

2); Transfer based on the assumpiion of very narrow pencils and of
paraxial relationships.

3) A simplified transfer suitable in a case of very small deformations.

L} Transfer based on utilization of a change table computed with
spherical surfaces.

"Application of these four procedures is illustrated in the four subsequent
sections.

"CHAPTER XV. TLLUSTRATICON OF APPLICATION OF THE DIFFERENTIAL METHOD OF

ASPHERTZING. The method is applied to two examples. One is a single thick

CONFIDENTIAL/US OFFICIALS ONLY

Approved For Release 2001/11/21 : CIA-RDP80-00926A007600370004-6



Approved For Release 2001/11/21 : CIA-RDP80-00926A0076 25X1A
CONFIDENTIAL/US OFFICIALS ONLY 0“

-8 -

lens with one aspherical surface; the aspherizing is achieved by relatively
simple computations. The result 1s an f/ 3 lens with well corrected mono-
chromatic sberrations for & focel length of 100 mm or even somevhat longer,
and covering a totel field of thirty degrees. Since the leng is rather thick,
it can be easily eplit into a doublet and achrometized. The formuls of an
achromatized doublet is also given in the text,

45. “The second example illustrates the improvement which was obtained by aspheri-
zing the first surface in a system of the Express type. The improvement is
substantial, not only on the axis but algo for an intermediate field angle of
18.5 degrees. '

46, VCHAPTER XVI. SYSTEMS COMBINING MIRRORS AND LENSES (CATODIOPTRIC SYSTEMS) .
This chepter i= dedicated to a study of a theory of refractive components
which mey be-'bsed for compensating the sherrations of spherical mirrors.
The theory developed here covers only components with spherical surfaces,
as such eystems offer definlte manufasturing edventeges in comparison with
the systems reguiring espherical surfaces.

47. “The cheracteristics of the followlng two compensators are evaluated in great
deteil. The first is the single thick meniscus compensator developed by D D
Maksutov, and the second is the afocal two-element compensator developed by
Volosov and his co=workers.

48, "The Volosov compensator is particularly interesting in that 1t offers &
powerful means for correctins catodioptric systems as fest as f/l .2 with &
totel engular coverage of fifiteen degrees, Furthermore, 1te two elements
have realtively flat surfaces, and they do not, therefore, cause the manu-
facturing and assembly difficulties which are usually associlated with the
strongly curved Makeutov meniscuses.

49. "A third-order theory of thege two compensators lg developed and applied to
examples of practical design.

"APPENDIX II. BReferences

1. "The book contains thirty-one refervences to Russian literature ani saven
references to foreign literature, Three of these references represent the
basic meterisl, the knowledge of which 18 necessary for proper use of the
Volosov book. As listed in this memorandum, these references are:

1) A I TudorovakiJ, 'Theory of Optical Instruments',
Acelemy of Beilences, 1937.

2) G G Sljuserev, 'Methods of Design of Opticel Bystems',
ONTI, 1937.

3) A I Tudorovski]), 'Computetion of Third-Order Aberrations with
Lange's Formulas', Journel of Technleel Physics 13:230, 1943,

"APPENDIX ITI. Index of Lenses Mentioned in the Book

(Rus) after the lens name indicated that the Pormule is Russisn.

ADON 191 HYPERGON 112, 120 RUSSAR (Rus) 31, 51, T3,

v . : _ . 83, 86, 119,

AFRO-EKTAR 16, 166, HYPERGON (Rus) 117-8 152, 153, 168
270-81 ) 265-9
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IDAR (Rus) 193, 228-38
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RUSSAR-25 (Rus) 16, 120

SONNAR 16, 69, 9k, 95,

363,364, 166, 171, 172
383-89
APOCHBOMAT-COLL]IKEAR KINO-PLASMAT 51, 73, 82, TELE-COOKE-ANASTIGMAT
134 .. . . 86 . 69, 310
ARKTIK (Rus) Th Tmmoro-msgggmr
ARKTUR (Rus) 16, Tk LIAR-6 (Rug) 16 '
e .. . TELIKON 69, 307
TESSAR 15, 68, 262
. BIOGON 171, 172 MENISCUS COMPENSATOR (Rus) .
L , 69,.363, . TOPOGON 86, 120, 153
BIOTAR 16, 87, 9, 36k, 365-83
. 95, 171 TR 68, 162, 170,
: MONTAR 16, 166 262
CELLOR 15, 131 oPIC 87, 171 URAN (Rus) 9k, 95
COOKE ANASTIGMAT 163, ORION (Rus) 86 URAN-A (Rus) 170, 1TL
. .. 16k, 1T L. o
ORION la (Rus) 16 URAN-9 (Rus) 16
COOKE VARO-LENS 192, o
. . 228 ORTAGOZ (Rus) 69, 168 URAN-10(Rus) 16
ORTHOMETAR 51, 73, 61, URAN-11(Rus) 170, 1T1
%, B3 e, s 10
DAGOR 15 15, 357
' VARIO-GLAUKAR 193, 228
| EXVITAR (Rus) 16k, PAN-TACHAR 164 VARIO-NEOKINO 193
Lo .m0, M o _ .
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